Polybrominated diphenylethers (PBDEs) are used as additive flame-retardants in consumer products to reduce the chances of ignition and burning. Levels of certain PBDE congeners have been increasing in fish, wildlife, and human tissues during the last decades. Some PBDEs are lipophilic and persistent, resulting in bioaccumulation in the environment. The structural similarity of PBDEs to other polyhalogenated aromatic hydrocarbons such as PCBs, has raised concerns that PBDEs might act as agonists for the aryl hydrocarbon receptor (AhR). To study the possible AhR-mediated effects of the environmentally relevant PBDEs (BDE47, 77, 99, 100, 153, 154, 183, 209), the induction of cytochrome P450-1A1 (CYP1A1) was studied in human breast carcinoma (MCF-7), human hepatocellular carcinoma (HepG2), and rat hepatoma (H4IIE) cells. 7-Ethoxyresorufin-O-deethylase (EROD) was used as a marker for CYP1A1 activity. Cells were exposed for 72 h to various PBDE concentrations (0.01-10 mM). Positive controls were 2,3,7,8-TCDD (0.001-2.5 nM) and PCB126 (0.01-10 nM). None of these PBDEs was capable of inducing EROD activity; this was confirmed by real time RT-PCR for CYP1A1 mRNA. However, in cells exposed to PBDEs in combination with TCDD, a concentration-dependent decrease in TCDD-induced EROD activity occurred. Co-exposure of BDE153 (10 mM) and a maximally inducing concentration of TCDD (1 nM) reduced EROD activity to 49% of the maximum induction by TCDD alone. All tested PBDEs showed similar effects in each cell line, though quantitative differences were observed. The observed decrease in CYP1A1 activity was not due to PBDE-dependent catalytic inhibition of EROD activity or cytotoxicity, nor were decreased CYP1A1 mRNA levels observed. However, inhibition of luciferase induction in mouse (Hepa) and rat (H4IIE) hepatoma cells containing a stably transfected AhR-responsive luciferase reporter gene, suggests that BDE77 is a weak AhR antagonist or partial agonist.
Flame-retardants are added to materials to reduce the emission of heat and carbon monoxide in fires. Polybrominated diphenylethers (PBDEs) are used as additive flame-retardants in plastic materials, paints, and textile fabrics. Some PBDEs are lipophilic and persistent, and consequently bioaccumulate (Allchin et al., 1999; Rahman et al., 2001) . There are three commercial mixtures of PBDEs in use (PentaBDE, OctaBDE, and DecaBDE), with a global estimated demand close to 77,000 metric tons in 1999 (Bromine Science and Environmental Forum, 2000) . During the last decades, levels of PBDEs increased in fish, wildlife, and in human blood (Darnerud et al., 2001; De Wit, 2002; Norstrom et al., 2002; Sellstrom et al., 2003; Sjodin et al., 1999) , adipose tissue (Meironyte et al., 1999) , and milk samples. Levels of PBDEs in human milk doubled every five years in the period from 1972 to 1997, from 0.07 to 4.02 ng/g lipid weight (Noren and Meironyte, 2000) , though recently the increase seems to have reached a point where at least BDE47 is decreasing (Norstrom et al., 2002; Sellstrom et al., 2003) . The structural similarity of certain PBDE congeners to other polyhalogenated aromatic hydrocarbons such as polychlorinated biphenyls (PCBs), has raised concerns that these compounds might act as agonists for the aryl hydrocarbon (Ah) receptor (Okey et al., 1994) . This aspect of their toxicology is still unclear (Darnerud, 2003; Landers and Bunce, 1991; McDonald, 2002) . However, if certain PBDEs were to act as Ah receptor agonists, they would warrant inclusion in the toxic equivalence factor (TEF) concept (Safe, 1998; Van den Berg et al., 1998) .
The Ah receptor is a ligand-dependent nuclear receptor that is present in almost every vertebrate. The receptor binds dioxinlike compounds such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and certain PCBs that can attain a co-planar configuration with high affinity; its endogenous ligand and physiological function are still unknown. The unbound Ah receptor is present in the cytosolic compartment of the cell as a multiprotein complex. Following ligand binding, the ligand-receptor complex translocates into the nucleus of the cell, the AhR dissociates from the complex and binds to a nuclear protein Arnt (Ah receptor nuclear translocator). This newly formed complex has a high affinity for a specific DNA sequence (Dioxin Responsive Elements), and formation of the AhR: Arnt: DRE complex results in an increase in the transcription of various genes, including that of the CYP1A1 gene, encoding the cytochrome P450-1A1 enzyme (CYP1A1) (Nebert and Gonzalez, 1987) . CYP1A1 is involved in phase 1 biotransformation of xenobiotics and endogenous compounds such as estrogens. The CYP enzymes can detoxify xenobiotics or bioactivate them by producing reactive intermediates. Although CYP1A1 is expressed in all mammals, there are large differences in expression levels among species (Denison et al., 2002; Denison and Heath-Pagliuso, 1998; Guengerich, 1993) .
The objectives of the present study were to assess the possible AhR mediated effect of the most environmentally relevant PBDEs: BDE47, 99, 100, 153, 154, 183, and BDE209 (De Wit, 2002; Sellstrom et al., 1993 ) (see Table 1 ). BDE77 was included due to its lack of ortho-bromine and hence structural resemblance to PCB77. To determine the possible AhRagonistic and AhR-antagonistic effect of these PBDEs, the Ah receptor-mediated induction of the CYP enzyme 1A1 was studied in human breast carcinoma (MCF-7), human hepatoma (HepG2), and rat hepatoma (H4IIE) cells. These cell lines have been commonly used in the past for mechanistic studies with AhR ligands (Behnisch et al., 2001 ). CYP1A1 is the major enzyme that catalyses the deethylation of 7-ethoxyresorufin to resorufin (Burke and Mayer, 1974) . This ethoxyresorufin-O-deethylation (EROD) activity was used as a marker for CYP1A1 activity.
MATERIALS AND METHODS
Chemicals. The chemicals used were obtained from the following companies: 2,3,7,8-TCDD (499% pure), Cambridge Isotope Laboratories (Woburn, MA); 3,3 0 ,4,4 0 ,5-pentachlorobiphenyl (PCB126) (498% pure) was obtained from Dr. Ehrenstorfer GmbH (Augsburg, Germany). PBDE congeners (498% pure) were synthesized and each congener was subjected to a specific purification on activated charcoal and Celite to remove possible contamination with dioxin-like compounds such as PBDFs (Marsh et al., 1999) . The cell culture media (DMEM) was obtained from Gibco BRL (Breda, The Netherlands), alpha minimal essential media (aMEM) from Gibco (Carlsbad, CA), and fetal calf serum from Atlanta Biologicals (Atlanta, GA). Cell culture lysis reagent and stabilized luciferase substrate were obtained from Promega (Madison, WI), Chemicals used for the TaqMan real time one-step RT-PCR were obtained from PE Applied Biosystems (Nieuwerkerk a/d IJssel, The Netherlands), RNA insta-pure from Eurogentec (Seraing, Belgium), and all other chemicals were obtained from Sigma Chemical Company (St. Louis, MO).
Cell lines and cell culture. The MCF-7 and H4IIE cell lines were obtained from the American Type Culture Collection (ATCC, Rockville, MD) and HepG2 cells from Deutsche Sammlung von Microorganismen und Zellkulturen (DSZM, Braunschweig, Germany). MCF-7 cells were cultured in Dulbecco's modified Eagle's medium supplemented with 0.01 mg/ml insulin, 100 mg/ml penicillin, 100 mg/ml streptomycin, and 5% fetal calf serum. The H4IIE and HepG2 cell lines were cultured in Dulbecco's modified Eagle's medium supplemented with 100 mg/ml penicillin, 100 mg/ml streptomycin, and 10% fetal calf serum. The cells were cultured in a humidified atmosphere with 5% CO 2 at 37 C.
Cell Viability Assays.
MTT assay. Mitochondrial capacity to reduce MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) to formazan (Denizot and Lang, 1986 ) was used as a measure of cell viability. Cell cultures were incubated with TCDD (0.001-2.5 nM), PCB 126 (0.01-10 mM), or BDE47, 77, 99, 100, 153, 154, 183, 209 (0. 01-10 mM) for 72 h, followed by incubation with serumfree medium containing 1 mg MTT/ml for 30 min at 37 C. After this MTT solution was removed, the cells were washed with warm PBS (37 C). The formazan was extracted from the cells with 1 ml isopropanol and incubation for 10 min at room temperature, and formazan concentration was determined spectrophotometrically at 560 nm. Cell viability was calculated using DMSO treated cells as the 100% viable control.
Lactate dehydrogenase (LDH) assay. Plasma membrane integrity was determined by measuring LDH leakage into the culture medium (Bergmeyer and Bernt, 1974) . The reduction of NADH in the presence of pyruvate was measuredin theculturemediumofcells thathadbeenexposedto thetestchemicals for 72 h. In one cuvet 100 ml medium, 1 ml phosphate buffer containing 66 mg/l pyruvate and 20 ml NADH were added and measured spectrophotometrically et al., 2000) . Cells that had been incubated with the test chemicals for 72 h as described before, were washed with warm PBS (37 C) and serum-free medium (500 ml) containing 10% AB was added. After 2 h, the fluorescence of the media was measured at 37 C (excitation wavelength 530 nm, emission wavelength 590 nm). Metabolic activity was calculated using DMSO treated cells as the 100% viable control.
EROD assay. Ethoxyresorufin-O-deethylation (EROD) activity was used as a marker for CYP1A1 activity, using a modification of the method described by Burke and Mayer (Burke and Mayer, 1974; Sanderson et al., 1996) . MCF-7 cells were seeded in 24-well plates at a density of 1 3 10 5 cells/ well; HepG2 and H4IIE cells were seeded at a density of 2 3 10 4 cells/well. To assess the agonistic activity of PBDEs, cultures of MCF-7, HepG2, and H4IIE cells were exposed to increasing concentrations of the PBDEs (0.01-10 mM), the positive controls TCDD (0.001-2.5 nM), and PCB126 (0.01-10 nM), or the negative control DMSO (0.1%). To determine antagonistic effects, cells were exposed to mixtures of TCDD (0.001-2.5 nM) and PBDEs (0.01-10 mM). After 72 h, medium was removed and the cells washed twice with warm PBS (37 C) and serum-free medium containing 5 mM MgCl 2 , 5 mM 7-ethoxyresorufin, and 10 mM dicumarol was added to each well. The conversion of ethoxyresorufin to resorufin, which has excitation and emission wavelength of 530 nm and 590 nm respectively, was followed fluorometrically at 37 C over a 10 min period.
Real time RT-PCR. MCF-7 and HepG2 cells were exposed for 72 h to positive controls (TCDD 0.001-2.5 nM, PCB126 0.01-10 nM), negative controls (DMSO 0.1% or 0.2%) and the indicated PBDEs (0.01-10 mM) with and without co-exposure to TCDD (1 nM) in 12-well plates.
RNA was isolated using the RNA Insta-Pure System according to the manufacturers instructions. The amount of RNA was quantitated spectrophotometrically (260/280 nm) and checked for DNA impurities with 3% agarose gel electrophoresis and ethidium bromide staining. Quantitative comparison of CYP1A1 mRNA levels was carried out using real-time PCR technology with beta-actin as the endogenous control. Primers and probes for CYP1A1 (forward primer 5 0 -AGC GGA AGT GTA TCG GTG AGA; reverse primer 5 0 -CTG AAT TCC ACC CGT TGC A) and beta-actin (forward primer 5 0 -TCC TCC TGA GCG CAA GTA CTC; reverse primer 5 0 -CTG CTT GCT GAT CCA CAT CTG) were designed using Primer Express software (Applied Biosystems, Nieuwerkerk a/d IJssel, The Netherlands). Probes for CYP1A1 (5 0 -TGC CCG CTG GGA GGT CTT TCT CTT) and beta-actin (5 0 -TGG CCT CGC TGT CCA CCT TCC A) were designed and labelled at the 5 0 -end with a reporter dye (VIC and FAM, respectively) and a quencher dye (TAMRA) at the 3 0 -end. Total RNA (10 ng) from the cells was amplificated using a Taqman thermal cycler (7000 Sequence Detection System, ABI PRISM Applied Biosystems). One-step RT-PCR Mastermix was used under the following conditions: 30 min at 48 C, 10 min at 95 C, followed by 40 cycles of 15 s at 95 C and 1 min at 60 C. Fluorescence data were processed and analyzed with ABI PRISM Sequence Detection software (Applied Biosystems). The results of the PCR assay were expressed as C T Beta actin (number of cycles needed to generate a fluorescence signal above a pre-defined threshold for beta actin) divided by C T CYP1A1 . Induction of CYP1A1 mRNA was determined by comparison to the DMSO control. The RT-PCR amplification products were checked for correct band size using a 1% agarose gel electrophoresis and ethidium bromide staining.
Recombinant cell lines, chemical treatment and measurement of luciferase activity. Mouse hepatoma (H1L1.1c2) and rat hepatoma (H4L1.1c4) cells containing a stably transfected TCDD-and AhR-responsive firefly luciferase reporter gene plasmid were prepared and grown as previously described (Garrison et al., 1996) . These cells respond to TCDD and other AhR agonists with the induction of luciferase gene expression in a time-, dose-, chemical-, and AhR-specific manner (Garrison et al., 1996; Sanderson et al., 1996; Ziccardi et al., 2000) . Cells were seeded in sterile, white, clear-bottomed 96-well plates at 7.5 3 10 4 cells/well in 100 ml aMEM containing 10% fetal calf serum and incubated at 37 C for 12 h prior to treatment. For measurement of agonist activity, cells were treated with DMSO, TCDD (1 nM) or the indicated concentration of PBDE. For measurement of antagonist activity, cells were treated with DMSO, TCDD (1 nM), or TCDD (1 nM) and PBDE at the indicated concentration. Following incubation with the indicated chemical(s) for 4 h at 37 C, all wells were washed twice with PBS (100 ml), then 50 ml of Promega Lysis buffer added to each well and the plate was shaken for 15 min to lyse the cells. Luciferase activity was measured using an automated microplate luminometer (Dynatech ML3000; Chantilly, VA) in enhanced flash mode with the automatic injection of 50 ml of Promega stabilized luciferase reagent.
Other assays. Protein concentrations in separate wells were determined using the method of Lowry et al. (1951) , using bovine serum albumin as a protein standard. The catalytic activities of CYP1A1 were corrected for the amount of protein per well, to allow for a better comparison among assays.
RESULTS

Effects of PBDEs on EROD Activity and CYP1A1
mRNA Levels
There was a concentration-dependent increase in EROD activity measured after a 72 h exposure to the positive controls TCDD and PCB126. EC 50 values for TCDD were 0.40, 0.08, and 0.01 nM in MCF-7, HepG2, and H4IIE cells, respectively. EC 50 values for PCB126 were 2.5, 0.5, 0.1 nM, respectively. Cells treated with PBDEs (BDE47, 77, 99, 100, 153, 154, 183) did not show any induction of EROD activity and thus EC 50 values could not be calculated (see Figs. 1A, 1B, and 1C ). This lack of induction was also confirmed in both human cell lines MCF-7 and HepG2 by quantitative RT-PCR. The C T beta actin / C T CYP1A1 values of PCB126 (1 nM) were 77% that of TCDD (1 nM) in both MCF-7 as the HepG2 cell line. After validation curves for stepwise dilutions of the mRNA of both human cell lines, both the CYP1A1 and beta-actin curves had a slope for which applied E 5 10 À1/slope , with E being approximately 2. The expression of the endogenous control beta-actin was not affected by any of the treatments.
In contrast to their inability to induce EROD activity, co-incubation of PBDEs with TCDD for 72 h resulted in a concentration-dependent decrease in TCDD-induced EROD activity. The positive control TCDD produced maximal EROD induction at 1 nM, which was set at 100% efficacy. In the presence of BDE153 at concentrations of 1 and 10 mM, the induction efficacy of TCDD in MCF-7 cells was reduced to 75 and 49% of the maximum (Fig. 2A) . Inhibition of TCDD-dependent EROD induction was also observed in HepG2 and H4IIE cells (Figs. 2B and 2C ). All PBDEs tested (BDE47, 77, 99, 100, 153, 154, 183) caused a similar decrease in TCDD-induced EROD activity, although not always statistically significant (see Table 2 ). BDE209 could not be tested in the concentration range where other PBDEs showed inhibitory effects, due to its insolubility (40.5 mM).
When the RNA isolated from MCF-7 and HepG2 cells exposed to various concentrations of PBDEs in combination 490 with TCDD (1 nM) was amplified in a quantitative RT-PCR assay, there was no statistically significant difference between the C T values from co-exposed cells and TCDD-exposed cells. Thus, no differences in mRNA levels of CYP1A1 were found.
The observed decrease in TCDD-induced EROD activity was not caused by cytotoxicity since there was no decrease in MTT reduction after co-exposure in MCF-7, HepG2, and H4IIE cells as compared to controls. This lack of cytotoxicity was confirmed by LDH and Alamar Blue assays (data not shown).
To assess whether the PBDEs inhibitory effect was due to direct catalytic inhibition of EROD activity, we examined the ability of the PBDEs to inhibit the TCDD-induced EROD activity in cells that had been exposed for 72 h to the maximal inducing concentration of TCDD (1 nM). In these experiments, PBDEs (0.01-10 mM) were added to the cells 5 min prior to measurement of EROD activity. Under these conditions, the PBDEs were not able to reduce TCDD-induced EROD activity, while the positive control alpha-naphthoflavone (ANF, 1 mM), BDE47, 77, 99, 100, 153, 154, . The data are expressed as mean 6 SD (n 5 3).
EROD activity in MCF7 cells
EFFECTS OF POLYBROMINATED DIPHENYL ETHERS
a known inhibitor of CYP1A1 activity, did reduce the TCDD-induced EROD activity.
Since it is possible that the relative affinity of 7-ethoxyresorufin is significantly greater than that of the PBDEs, the assay was repeated with various concentrations of the substrate 7-ethoxyresorufin (0-5 mM) during the assay as previously described (Petrulis and Bunce, 1999) , with alpha-naphthoflavone (ANF, 0-1 mM) as positive control. Similar to the results above, no catalytical inhibition was found for any PBDE although ANF was able to decrease the TCDD-induced CYP1A1 activity significantly with decrease at all concentrations tested (data not shown). Together, these results suggest that PBDEs do not reduce CYP1A1 activity via a competitive CYP1A1 substrate binding mechanism.
Another possibility for the observed inhibition is antagonism at the level of the AhR and/or AhR signalling pathways. To examine this possibility, experiments were carried out using mouse hepatoma (H1L1.1c2) and rat hepatoma (H4L1.1c4) cells. These cells contain a stably transfected AhR-responsive luciferase reporter gene that responds to AhR binding with luciferase induction in a dose-, temperature and chemical specific manner (Garrison et al., 1996; Sanderson et al., 1996; Ziccardi et al., 2000) . Of the PBDEs that were tested (BDE47, 77, 99, 100, 154, BDE153, and BDE183), only BDE77 showed a concentration dependent and statistically significant (p 5 0.05) inhibitory effect after co-exposure with TCDD (1 nM) (see Fig. 3 ).
DISCUSSION
Are PBDEs Agonists of the Ah Receptor?
In previous studies, it has been reported that several PBDEs competitively bind the Ah receptor and induce responses such as CYP1A1 mRNA, CYP1A1 protein and EROD induction as well as an AhR responsive luciferase reporter gene, suggesting a dioxin-like behaviour (Behnisch et al., 2003; Chen and Bunce, 2003; Chen et al., 2001) . Chen and Bunce (2003) reported weak AhR binding of PBDEs; the environmentally relevant BDE47 and BDE99 were among the least active, while BDE77 activated the AhR-DRE complex formation of rat cytosolic AhR at 60% of that of TCDD and induced CYP1A1 protein in their studies.
In our studies with the environmentally relevant PBDEs (BDE47, 99, 100, 153, 154, 183, 209) and BDE77 no such induction of CYP1A1 mRNA or EROD was observed in the AhR responsive MCF-7, HepG2 and H4IIE cell lines. Chen et al. (2001) also found no induction of CYP1A1 after the EROD assay in several cell culture systems for BDE 47, 99, 154. However, they also reported weak induction of CYP1A1 activity by BDE77, 100, 153, 183, consistent with weak to medium DRE binding. After a DR-CALUX assay, Behnisch et al. (2003) found similar results: environmentally relevant PBDEs showed very weak EROD induction.
In commercial mixtures of PBDEs (PentaBDE, OctaBDE, DecaBDE), low levels of contamination by polybrominated dibenzofurans and polybrominated dibenzo-p-dioxins (PBDF, PBDD) may occur . These compounds bind the AhR with high affinity and induce AhR-dependent gene expression. If these impurities remain in the PBDE samples after purification, they may be responsible for part of the observed CYP1A1 induction in exposed cell systems that is otherwise attributed to the PBDEs. Thus, it is highly important to rule out the absence of these polybrominated dibenzofurans and dioxins when studying biological or toxicological properties of individual PBDEs or their commercial mixtures. Such contamination was likely present in our initial BDE77 preparation that showed some CYP1A1 induction. However, when highly purified BDE77 from the Wallenberg laboratory was used, this induction was no longer detected. This effect has also been seen by Koistinen et al. when conducting assays with polychlorinated diphenylethers (PCDEs) (Koistinen et al., 1996) ; they showed that even a small contamination with PCDFs (less than 1% by weight) almost entirely explained the observed induction by these PCDEs.
We conclude that the PBDEs used in our study are not able to activate the AhR, and consequently are not able to induce CYP1A1 enzyme activity and/or CYP1A1 mRNA in the human MCF-7 and HepG2 and rodent H4IIE cancer cell lines. If a compound does not bind to and activate the AhR, the compound need not be assigned a TEF value (Safe, 1998; Van den Berg et al., 1998) . The absence of CYP1A1 induction by the environmental relevant PBDEs tested in our study supports the increasing body of evidence that these compounds do not require inclusion in the TEF concept for dioxin-like compounds.
Are PBDEs Antagonists of the Ah Receptor?
After exposure of the cells to mixtures of TCDD and PBDEs, a significant decrease in TCDD-induced EROD activity was observed. Cytotoxicity and catalytic inhibition could be ruled out as possible causes of the observed decrease. However, it should be noted that there was no decrease in CYP1A1 mRNA levels after co-exposure of the cells to mixtures of TCDD and PBDEs. A similar possible antagonistic effect at the level of catalytic activity was observed previously for PCB153 and for BDE47, BDE99 (Chen and Bunce, 2003; Chen et al., 2001) . Chen and Bunce (2003) also found that PBDEs did not change mRNA levels after co-exposure with TCDD even though an inhibitory effect was seen on EROD activity. One of the suggested mechanisms is that a low level of activated nuclear AhR by TCDD is enough to maintain the transcription of the CYP1A1 gene and would therefore not result in a difference in mRNA CYP1A1 level. This however does not explain the decreased EROD activity in our study and that of Chen and co-workers (Chen and Bunce, 2003) . Another explanation might be that PBDEs interfere with other post transcriptional processes such as heme synthesis as previously suggested for PCB77 (Hahn et al., 1993) . It has also been suggested that PHAHs are able to cause a dose-dependent increase in porphyrines (Hahn and Chandran, 1996) , which are precursors of heme. We addressed this problem of mixture interaction by a luciferase assay in recombinant mouse hepatoma (H1L1.1c2) and rat hepatoma (H4L1.1c4) cells, only BDE77 (10 mM) was able to exert a significant concentration-dependent antagonistic effect on AhR-mediated luciferase induction after co-exposure with TCDD (1 nM) ( p 5 0.05). BDE77 was included in our study because of structural resemblance to PCB77 and potential to attain a relatively co-planar configuration. It is well known that some planar PCBs bind to the AhR with strong affinity (Bandiera et al., 1982) ; binding of BDE77 in these experiments to the AhR might indicate a structure activity similar for AhR binding with PCBs for this specific PBDE congener, though with much weaker affinity. Clearly, the mechanism by which the PBDEs are able to inhibit TCDD-induced CYP1A1 activity needs to be further investigated.
The question remains whether this inhibitory effect by PBDEs on dioxin-like activity also applies to more toxicological relevant parameters besides CYP1A1 activity. Their inability to exert AhR-dependent effects does not mean that these chemicals cannot produce other adverse effects at these levels through different modes of action, such as neurotoxicity (Viberg et al., 2003a,b) .
In addition, it should also be noted that the observed inhibitory effects by PBDEs were predominantly observed at relatively high levels of TCDD, which may have little relevance for the actual background exposure situation of the human population. The concentration range in which the individual PBDEs were tested effectively in our research (0.5 mg/g up to 7.2 mg/g; 1 mM tetrabromodiphenylether and 10 mM heptabromodiphenylether, respectively) exceed the total PBDE concentration found in human blood (3.3 ng/g lipid weight; Thomsen et al., 2002) , human mothers milk (4 ng/g lipid weight; Noren and Meironyte, 2000) and in human adipose tissue (11.7 ng/g lipid weight; Covaci et al., 2002) . The ratio PBDE/TCDD that we tested in our research (1.5 3 10 3 up to 22 3 10 3 ) is in the same order of magnitude and up to a thousand-fold higher as the ratio of PBDE and TCDD in human blood (1.4 3 10 3 ; Thomsen et al., 2002; Wittsiepe et al., 2000) . The data from literature is composed of total PBDE concentration, while we use singular congeners. Furthermore, we must take into account that effects on the general population will be lower due to the biological availability of the compounds and binding to proteins e.g..
Based on the results obtained with PBDEs in this study we see no arguments to support inclusion of these compounds in the TEF concept for dioxin-like compounds. Further research is necessary to assess the full scope of possible toxic effects of PBDEs since some of them are still in use commercially and their levels in the environment remain relatively high. 
